Substance P (SP) signaling facilitates nociceptive sensitization in various inflammatory and chronic pain models and we postulated that SP signaling might also contribute to the development of post-incisional hyperalgesia. These studies used mice with a deletion of the pre-protachykinin A gene (ppt-A À/À ) which codes for SP to determine the role of SP signaling in post-incisional pain and in the increased cytokine and nerve growth factor (NGF) expression observed in the incised skin. SP deficient ppt-A À/À mice displayed reduced mechanical allodynia and heat hyperalgesia compared to the wild-type (wt) mice at all post-incision time points, despite similar baseline values (p < 0.001). Furthermore, the NK-1 receptor antagonist LY303870 attenuated mechanical allodynia produced by incision in the wt mice (p < 0.001). Incision also up-regulated IL-6, TNF-a and KC levels but not IL-1b after 2 h in the wt mice skin. However, ppt-A À/À mice had more skin NGF levels 2 h post-incision. Subcutaneous hind paw SP injection produced acute and transient elevations of IL-1b, IL-6, and KC but modest elevations in TNF-a levels in the wt mice. Systemic LY303870 reversed the SP-induced elevations of these cytokines. Hind paw injection of IL-6 and NGF dose dependently produced less mechanical allodynia in the ppt-A À/À compared to wt mice. Additionally, SP produced mechanical allodynia in a dose-dependent fashion in wt mice. Therefore, SP supports nociceptive sensitization after hind paw incision and potentially participates directly in modulating the intensity of inflammatory response in peri-incisional tissue. Ó
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Introduction
The pre-protachykinin-A gene (ppt-A) codes for primary afferent neurotransmitters substance P (SP) and neurokinin A (NKA) [11, 20] , with the former being better studied. SP is a neuromodulator with a well-described role in pain signaling, possessing the unique feature of only being released upon strong nociceptive stimulation. For instance, spinal cord internalization of the NK-1 receptor, an index of SP release, occurs only to a minor extent in lamina I neurons during threshold-level heat stimulation in normal animals [11]. However, the same level of heat stimulation leads to both a greater percentage of NK-1 internalization in lamina I neurons and internalization of receptors in deeper spinal cord laminae after inflammation [1] . Interestingly, SP does not seem to be required for normal heat intensity coding or peak firing of these neurons across a range of temperatures, rather it seems to prolong heat stimulus responses [32] . It is these curious properties which may underlie the normal responses ppt-A À/À mice display to low intensity heat, mechanical and chemical stimuli with deficits only seen in paradigms involving intense or prolonged stimulation [11] . Sensitization in chronic pain models like nerve injury (neuropathic) and CFA-induced (chronic inflammatory) are normal in the ppt-A À/À mice [11] . This knockout model displays the favorable feature of having intact NK-1 receptor expression, with normal levels of expression of several primary afferent neurotransmitters such as calcitonin-gene-related peptide, dynorphin, galanin, neuropeptide Y and somatostatin [11] . Incision represents an acute, relatively intense and persistent nociceptive stimulus. The role of ppt-A gene products signaling in supporting nociceptive sensitization after incision has not been explored. Aside from the neurotransmitter function of SP and NKA in the spinal cord, both ppt-A gene products have significant peripheral actions which might impact their roles in controlling nociceptive sensitization and other characteristics of incisional wounds. For example, SP is an important participant in neurogenic extravasation.
